Abstract Appropriate measurement of socioeconomic status (SES) in health research can be problematic. Conventional SES measures based on 'objective' indicators such as income, education, or occupation may have questionable validity in certain populations. The objective of this investigation was to determine if a relatively new measurement of SES, subjective social status (SSS), was more consistently and strongly associated with multiple health outcomes for low income mothers. Data available from a large scale community-based study examining maternal and infant health for a low income urban population were used to examine relationships between SSS and a wide range of postpartum physical and emotional health outcomes. Crosstabulations and multivariate analyses focused on the breadth and depth of these relationships; in addition, the relative strength of the relationships between SSS and the health outcomes was compared to that of conventional measures of SES, including both income and education. SSS was significantly related to all physical and emotional health outcomes examined. The overall pattern of findings indicated that these relationships were independent of, as well as more consistent and stronger than, those between conventional measures of SES and postpartum health outcomes. SSS represents an important dimension of the relationship between SES and postpartum physical and emotional health. In low income populations the failure to account for this dimension likely underestimates the influence of SES on postpartum health. This has important implications for the interpretation of findings in empirical studies which seek to control for the effects of SES on maternal health outcomes.
Introduction
The relationship between low socioeconomic status (SES) and poor health outcomes has been extensively documented through empirical research [1] . The nature of this relationship is, however, highly complex and the precise mechanisms through which SES translates into health disadvantages (for low SES persons) or advantages (for higher SES persons) are not fully understood [2, 3] . One problem is that one's adult health status may reflect SESrelated risk or protective factors which are cumulative in terms of their effects [4] [5] [6] . Thus point-in-time indicators of adult SES such as income and educational attainment may not adequately reflect the influences shaped by one's SES during childhood, which either persisted or changed during the life course [7, 8] . Other influences associated with SES may be difficult to quantify, including homeownership, indebtedness, family wealth, and dynamics operating at the community level such as one's network of social relationships [3, [9] [10] [11] .
For the above-mentioned reasons, conventional indicators of SES (which typically refer to income, occupation, and/or educational attainment) may have poor construct validity, highlighting the need for a more critical and careful consideration of how SES is defined and measured in the context of health research [2, [12] [13] [14] . Some studies have demonstrated a significant relationship between SES and adult health when measures of SES are based on perceived social ranking, and that one's perceived status may provide a better conceptual/measurement framework for exploring the associations between adult SES and health outcomes [9, 10, 15] . This may be, in part, because subjective measures are arguably 'global' in nature and account for one's understanding of the stability of their social status, as well as for the prospects of social mobility, while 'point-in-time' measures, for example, do not. [10, 15] Consistent with findings from adult and child health research, low maternal SES has been shown to be persistently and pervasively related to adverse pregnancy and birth outcomes [16] [17] [18] . However, we are aware of only one published study that examined the relationship between SES and maternal health, defining SES in terms of a woman's perceived or subjective social status (SSS) [19] . In that study women who perceived their status as relatively low were found to be in relatively poor health, independent of their income and educational attainment. Moreover, among some ethnic groups, perceived status was reported to be more strongly related to maternal health than income and education. The study was, however, limited to only one measure of maternal health-namely, a woman's overall self-rated health status during pregnancy. The purpose of our investigation was [1] to assess the extent to which subjective social status is related to a wide variety of maternal health-related outcomes; and [2] to compare and contrast the magnitude of the relationship between subjective social status and maternal health outcomes to conventional measures of SES and maternal outcomes.
Methods
This research was part of a larger, prospective, communitybased study examining maternal stress, birth outcomes, and maternal and infant health and health-related behaviors. The study involved recruitment of women who first enrolled for prenatal care at a consortium of six community health centers in Philadelphia, Pennsylvania, between February 2000 and November 2002. It was funded by the Centers for Disease Control and the National Institute for Child Health and Human Development and review for the ethical treatment and study of human subjects was approved by the institutional review boards (IRBs) at Thomas Jefferson University, Drexel University and the University of Pennsylvania. Subject consent was obtained through signed consent forms. Additional findings from, and more details about, the larger study are available elsewhere [20, 21] .
Women were recruited and interviewed at the time of prenatal care enrollment, and scheduled for three follow-up surveys in the subjects' homes, at approximately 3 months postpartum, 11 months postpartum, and at 24 months postpartum. Only information from the prenatal, 3 month, and 11 month postpartum interviews was used for the purposes of this study.
Women with a singleton intrauterine pregnancy who spoke either English or Spanish were considered eligible for enrollment; among those, women with pregnancies ending in a live birth were designated for postpartum follow-up (n = 2,026). More than 98% (n = 1,984) agreed to participate in the follow-up phase of the study, and attempts to complete both the 3 month and 11 month postpartum surveys were successful for 67% (n = 1,322) of those who did agree. Data from the prenatal interviews indicated that women who did not complete the first two postpartum interviews (n = 562) did not differ from those who did with respect to income, education, marital status, or parity (data not shown).
All interviews were based on structured surveys, conducted in English or Spanish by trained female interviewers. To minimize the chances of interviewer bias or misinformation each interviewer received approximately 30 h of training in use of this instrument, including instruction on when and when not to prompt women for responses, and how to explain the meaning of a question should any misunderstanding arise. The training included role playing and each interviewer was assessed and rated as competent by an experienced project supervisor before assignment to the field. For quality control purposes, a ten percent random sample consisting of 10% of all interviews from each interviewer were reviewed. Weekly meetings were held with the interviewers, project staff, and principal investigator (Dr. Jennifer Culhane) to discuss any issues related to the interviewing process.
Study Variables
Preliminary analyses of the data indicated that t he relationships between the health outcomes of interest and three primary measures of social status (SSS, income and education) were ordinal and non-linear in nature. For that reason women were ranked as either being of 'low'', 'medium' or 'high' for each variable, as described below.
Subjective Social Status
The surveys conducted at 11 months postpartum included the MacArthur Scale of Subjective Social Status, a measure which has been shown to be a valid and reliable indicator of one's perceived status in society [22] . Specifically women were presented with a ''social ladder'' with 10 rungs and were asked to rank themselves by placing an ''X'' on the step they felt represented their relative position in society at large. Each rung was numbered and the women were read the following statement: ''In our society, at the top, are those who have the most money, education and best jobs; at the bottom are those that have the worse jobs or no jobs. Where do you think you fit in?'' Their selfrank on this ladder, ranging from 1-10 was used as the basis for our measure of subjective social status (SSS). Women with a ladder score of 0 through 3 were classified as being in the 'low' SSS group; those with a score of 4 through 7 as being in the 'medium' SSS group; and those with a score of 8 through 10 as being in the 'high' SSS group. The distribution of SSS was approximately normal with a mean value of 5.9 and standard deviation of 1.85. The abovementioned cut-offs for 'low' and 'high' groups represent scores that were approximately 1.5 standard deviations below the mean and 1.5 standard deviations above the mean of 5.9, respectively. All others between 1.5 standard deviations above and below the mean were classified as being in the 'medium' SSS group.
Objective Indicators of Social Status
Several measures of the respondents' objective indicators of socioeconomic status were used in the analyses. The major indicators were educational attainment and personal income. Income was determined based on response to the question in the 11 month postpartum survey, which appeared as follows: ''What is the total amount of money you received from all sources during a typical month?'' Respondents were classified based on quartile rankings. Specifically, those in the first quartile of the income distribution for the sample (\ $500 per month) were categorized as being the low income group; those in the second or third quartiles were categorized as the 'medium' income group ($500-$1200 per month), and those in the highest quartile ([$1200 per month) were categorized in the 'high' income group.
Educational attainment was measured in number of years of education, collected at the time of the initial interview along with other descriptive sociodemographic characteristics such as age, race/ethnicity, and parity. Women were grouped into three categories in terms of their education attainment: low (did not complete high school), medium (completed high school) and high (some college or more). Other variables representing measures of objective social standing that were included in the analyses were public assistance status (on food stamps or state cash welfare payments), homelessness (ever experiencing homelessness since childbirth) and ever having an involuntary utility (water, gas or electric) shut-off.
Health Outcomes
Several measures related to both the mental and physical health of respondents were available from one or both of the surveys and used as the dependent variables in the analyses. They included overall self rated physical and emotional health during pregnancy (reported by respondents at the 3 month postpartum interview) and overall physical and emotional health in the postpartum period (reported by respondents at the 11 month postpartum interview).
All self reported measures of physical and emotional health were dichotomized, with respondents classified as being in relatively good (reporting 'excellent', 'very good', or 'good') as opposed to relatively poor (reporting only 'fair' or 'poor') health. Other measures of emotional health during the postpartum period used in the analyses included depressive symptomatology and perceived stress (reported at the 11 month interview). Depressive symptomatology was defined as a score of greater than or equal to 23 on the Center for Epidemiological Studies Depression Scale (CES-D). The CES-D is a pre-tested reliable and valid instrument used widely in studies of depression, including postpartum depression; scores of greater than or equal to 23 correspond to the 90th percentile in community samples and has been used by other researchers to define the presence of depressive symptoms in pregnant and postpartum women [23, 24] . Perceived stress was based on the administration of the Cohen Perceived Stress Scale (PSS). The PSS possesses strong psychometric properties, including reliability across gender, socioeconomic status, age groups, race/ethnicity, and other demographic characteristics [25] . This 14 item self report scale measures the degree to which a respondent appraises her life as being stressful. Women scoring below the 75th percentile (\28) were defined as having relatively low stress while those equal to and above that were classified as the relatively ''high stress'' group. In addition, women were classified in terms of whether or not they had one or more major health problems (heart disease, asthma, diabetes, or high blood pressure) and whether or not they had ever been told by a health professional that their pregnancy was 'high risk.' Additional data describing the health outcomes used as the independent variables in the analyis are available from the authors upon request.
Statistical Analyses
We first used simple cross tabulation techniques to examine and compare the relationships between all health outcomes and SSS, education, and income. Goodman and Kruskal's gamma was used to determine statistical significance, magnitude and direction of all relationships. Gamma is based on the correspondence among the rank ordering of observations for any pair of variables ordinal in nature, and is appropriate whenever the relationships are likely or purported to be ordinal, as is the case here. Gamma values are themselves both measures of the degree and strength of the ordinal relationships and are normally distributed for large sample sizes, and thus the calculation of P values is straightforward [26] .
Logistic regression (LR) was then used to explore the effects of SSS vs. income, education, and other measures of SES described above on the health outcome variables. Specifically, a series of LR models were created with SSS, and additional SES indicators were entered in a stepwise fashion. In this way, the strength and robustness of the effects of SSS on health, independent of and in contrast to other measures could be quantified by comparing adjusted odds ratios. Confidence intervals associated with all effect parameters were also calculated and are presented in the tables and figures that follow. All analyses were completed using Stata 10.0 [27] .
Results
The sociodemographic and health characteristics of the study population are shown in Table 1 . African-Americans comprised 70.6%, Whites 9.8%, and Hispanics 16.5% of the 1,322 women for whom the three surveys were available. The age range for this cohort was 13-43 years, with a mean age of 23.9 years. Almost 40% (39.3%) of the women did not graduate from high school, while 17.7% received at least some post high school education. Almost 65% (64.8%) of the women reported a total income of less than $1200 per month. More than 90% (93.6%) of the women reported receiving public assistance. More than 5% (5.2%) indicated that they had experienced a utility shutoff and over 2% (2.6%) reported being homeless at some point since their last childbirth. The distribution of the Subjective Social Status scale indicated that the vast majority of respondents perceived themselves to be average, despite median incomes ($800/month) well below that for the U.S. as a whole. Specifically, more than 7 out of ten (71.9%) placed themselves close to the middle (rung scores from 4 to 7) of the subjective status ladder.
The relationships between subjective social status, income, and education with each of the health outcome variables are provided in Table 2 . In general the associations between SSS and health are strong and persistent. Median income$ 800 Table 2 Relationship between heath outcomes and subjective social status (SSS), income, and education (GAMMA Relatively poor overall physical and emotional health during pregnancy, the presence of major health problems, perceived stress and depressive symptomatology are all significantly and inversely related to SSS. For example, compared to women who rated themselves high on the SSS scale, those who rated themselves in the lowest category were more than twice as likely to report their overall physical health during pregnancy (24.6 vs. 11.4%), and their emotional health in the postpartum period (31.4 vs. 14.1%) to be relatively poor. Consistent with these overall self-reported items, women in the lowest compared to highest SSS group were more likely to have indicated one or more major health problems (45.6 vs. 30.8%), far more likely to be in the high stress category (50.4 vs. 20.9%) and to have depressive symptomatology (32.9 vs. 15.4%). Income and education were inversely related to some of the health outcomes, although not as strongly or as consistently as was the case for SSS. Physical health during pregnancy was unrelated to either income or education, while overall physical health was related to education but not to income. Overall emotional health in the postpartum period was related to both income and education, but overall emotional health during pregnancy was related only to income. As was the case for SSS, perceived stress and depressive symptomatology were related to both income and education, although the relationships were somewhat stronger for SSS.
The results from the logistic regression analyses are presented in Tables 3 and 4 . Models A, B and C show the unadjusted odds ratios for SSS, Income and Education, respectively. Model D presents the odds ratios adjusted for income and education; and in Model E the odds ratios are adjusted for all additional measures of social status. Presenting the results in this manner allows us to compare the relative strength and robustness of the relationship between SSS and high stress (Table 3 ) and self-rated poor physical health (Table 4) , when all other measures of SES are taken into account. As we can see in Table 3 , the relationship between SSS and high stress is strong and persistent even after accounting for objective SES measures. Women in the low SSS category were far more likely than women in the highest category to have high stress levels, even after controlling for income and education (OR 3.66; 95% CI 2.25, 5.95). Even after adjusting for all other SES measures those in the low SSS category were still far more likely than those in the highest category to have high stress levels Note: Multicollinearity associated among all variables shown was assessed using the variance inflation factor (VIF). The average VIF was less than 1.5, with a maximum value of 2.1 a Dependent variable is high stress score (at or above the 75th percentile on Cohen perceived stress scale) vs. others (OR 3.24; 95% CI 1.98, 5.30). Note that after adjusting for SSS, education is unrelated to high stress and income is only weakly related. Women in the lowest income group were somewhat more likely to have high stress levels compared to women with the most income after adjusting for SSS (OR 1.87; 95% CI 1.31, 2.68), but the effect size is considerably smaller than that for SSS. The relationship between SSS and self-rated physical health was also persistent even after accounting for objective SES measures (Table 4) . Specifically, women in the low SSS category were far more likely than women in the highest category to rate their overall postpartum physical health as poor, even after controlling education and income (OR 2.15; 95% CI 1.16, 3.99). After adjusting for all other SES measures those in the low SSS category were still far more likely than those in the highest category to have relatively poor postpartum physical health (OR 2.04; 95% CI 1.09, 3.82). Note that after adjusting for SSS, income and education were unrelated to poor physical health.
A summary of results for additional health outcomes is reported in Fig. 1 . Adjusted odds ratios and 95% confidence intervals associated with low and medium compared to high SSS are presented, in each case after adjusting for income, education and all three other objective SES measures. The results show that for every other outcome, women in the low SSS category were significantly more likely to have worse health outcomes, even after adjusting for SES measures. Women in the low SSS category, for example, were 1.95 times more likely than women in the high SSS category to have depressive symptomatology (OR 1.95; 95% CI 1.1.12, 3.38) (Fig. 1a) , as well as two times more likely to report being in relatively poor physical health in pregnancy (OR 2.53; 95% CI 1.34, 4.80) (Fig. 1b) .
Discussion
The analyses of the relationship between our measure of subjective social status (SSS) and several emotional and physical health outcomes revealed the following: [1] SSS was related to all health outcomes; [2] this relationship exists independently of the influence of more conventional or objective measures of socioeconomic status; and [3] the relationship between SSS and health appears to be more robust than that for objective measures of socioeconomic status. Our findings are consistent with those from other studies of adolescent, middle-aged, and older populations [28] [29] [30] demonstrating a significant relationship between measures of subjective social status and overall physical health, independent of measures of objective social status. They also lend support to the notion that, in some cases, measures of SES based on subjective indicators may in fact be more sensitive than those based on objective indicators [3] . Measuring subjective social status may be particularly important, as is the case here, where the study population is relatively poor. Income levels, for example, may be relatively restricted in terms of the range of values in low income populations. Similarly, subtle but important differences along other dimensions of status-such as savings/wealth, the quality of education received, and access to social and community-level resources-may be overlooked. SES-related influences on health behaviors or outcomes may, therefore, go undetected. This highlights the concern raised by other observers, of the need to carefully consider how SES is defined and measured in the context of health research, and how problems associated with concept validity may have important implications for the interpretation of empirical results [2, 3] . A great deal of empirical health research in the U.S., for example, is designed to assess racial/ethnic differences in health behavior and outcomes ''independent'' of SES differences. To a large extent, however, the integrity and the interpretation of these findings hinges on an adequate and [2, 31, 32] . In summary, our findings suggest that subjective social status may be a critical assessment tool for the measurement of socioeconomic status in low income populations.
Study Limitations
The findings are of course limited with regard to both the characteristics of the sample and the study design. As noted earlier the study sample was derived from data collected as part of a larger, longitudinal investigation of the relationships between maternal stress, prenatal and postpartum health and infant birth outcomes. The protocol for that larger study involved the administration of the SSS Scale at 11 months postpartum. At least in some cases SSS was related here to health measures collected at earlier points in time. As a result the extent of the causal nature of relationships between socioeconomic status, including those as measured by SSS, was beyond the scope of this paper to address. Recruitment for the larger study occurred at prenatal sites in very low-income urban neighborhoods and yielded a study cohort with a medium income of less than $10,000 per year. The extent to which the findings reported here can be generalized to poorer, or non-impoverished populations is unclear; as a result further research may be warranted in order to establish the generalizability of our findings.
Finally, it is worth noting that the criteria used to categorize the original SSS ladder scores into groups resulted in a relatively small percentage (10.3%, n = 137) of women being categorized as 'low'. Since it was possible that the findings may, therefore, have been partly a statistical artifact of an 'outlier', low SSS group, we replicated the analyses which included women with a ladder score of '4' in the low as opposed to medium SSS group. The pattern of results did not change, and the magnitude of the differences between the low, medium and high SSS groups for all the health outcomes was virtually identical to that reported here.
Research Box
What is already known about this topic: Conventional socio-economic status indicators such as income and education may have poor construct validity in health outcomes research, especially in homogenous low-income populations. What this study adds: This study has strengthened the evidence that subjective self-assessment of one's social standing should be considered in any empirical study that explores relationships between socioeconomic status and maternal health outcomes.
